Introduction {#Sec1}
============

Landfill location selection of Municipal Solid Waste (MSW) is the determination of a geographic site for a region's operations concerning waste management. The landfill waste location decision involves governmental authorities seeking to locate or relocate their operations regarding waste management. The process of landfill location decision includes the identification, analysis, evaluation and selection among various alternatives (Liu et al. [@CR37]). Selecting a location for landfill wastes is a very important decision for each region because it is costly and difficult to reverse, and it involves a long-term commitment. Also location decisions for landfill becomes a challenging task due to many various reasons such as increasing in waste quantities, human population, environmental and public health risk factors, and decreasing in land availability for waste disposal locations (Srivastava and Nema [@CR51]). Hence, decision-makers should select the location that not only has a good performance, but also is flexible enough to accommodate future changes in the regional policy.

Fuzzy set theory integrated with multi-criteria decision making (MCDM) methods has been widely used to deal with uncertainty in the landfill location selection decision process (Beskese et al. [@CR7]), since it provides an appropriate language to manage imprecise criteria, being able to integrate the analysis of qualitative and quantitative factors.

Despite the many researches proposing the use of fuzzy multi criteria decision-making methods, there are no comparative studies of these methods when applied to the problem of landfill location selection. Lima Junior et al. ([@CR36]) proposed a comparison of fuzzy AHP and fuzzy TOPSIS methods for supplier selection. In another study, Ertuğrul and Karakaşoğlu ([@CR21]) offered a comparison of Fuzzy AHP and Fuzzy TOPSIS methods applied to facility location decision-making. Dehe and Bamford ([@CR16]) examined and compared two modelling methods (AHP and ER) for healthcare infrastructure location decision. Ouma et al. ([@CR41]) performed a comparison of fuzzy AHP and fuzzy TOPSIS for road pavement maintenance prioritization. However, as the authors point out, there is still a need for a comparative evaluation of MCDM methods in the context of landfill location selection, since the relative advantages of many methods also depend on the characteristics of the problem domain. To overcome this limitation, this paper presents a comparative analysis of the methods fuzzy TODIM and fuzzy AHP applied to the problem of landfill location selection. Comparison of both methods was made on the basis of the analysis of mathematical procedures taking into account the structure of the problem represented by the illustrative application case.

The rest of this paper is organized as follows. The second section, we give a briefly literature review on subject of landfill location selection. The third section, we describe a process of landfill location selection and the main requirements of multi-criteria decision-making methods used in this context. In fourth section , some fundamental concepts regarding fuzzy set theory and the methods fuzzy AHP and fuzzy TODIM are briefly explained. Then in fifth section, a numerical example using both methods in a real case application with the results is presented and the comparative analyses of these results are also illustrated. Finally, conclusions and suggestions for further research are offered in the last section.

Literature review {#Sec2}
=================

Different MCDM approaches have been applied on landfill location selection problem such as AHP, fuzzy AHP, fuzzy ANP, PROMETHEE, fuzzy TOPSIS, OWA, etc., which are used for solving location problems and applied in waste management. Table [1](#Tab1){ref-type="table"} reviews some major new literature for landfill location selection including authors, dates of publication, approaches used and study area. It is observed that the selection of landfill location is an essential strategic decision, in that it has received more attention in academic literature. A diversity of methodologies and approaches for selecting and evaluating the landfill waste location has been performed (Gbanie et al. [@CR26]; Beskese et al. [@CR7]; Önüt and Soner [@CR40]).Table 1Major new literature for landfill location selectionAuthorsApproachStudy areaGbanie et al. ([@CR26])GIS/AHP-OWA-WLCBo, Southern Sierra LeoneKhorram et al. ([@CR32])GIS-fuzzy logicBardaskan city, IranKhan and Samadder ([@CR31])GIS/WLC-AHPDhanbad, IndiaBeskese et al. ([@CR7])Fuzzy AHP and fuzzy TOPSISIstanbul, TurkeyEl Baba et al. ([@CR20])GIS-AHPGaza Strip, PalestineEskandari et al. ([@CR23])GIS-AHPKohgiluyeh and Boyerahmad province, IranRathore et al. ([@CR44])GIS/SAW-AHPLahore District, Pakistan

In real life, the evaluation data of landfill location selection for various subjective criteria and the weights of the criteria are generally expressed in linguistic terms to effectively resolve the ambiguity from available information and do more justice to the essential fuzziness in preference and human judgment. The fuzzy set theory has been used to establish an undefined multiple criteria decision-making problem (Beskese et al. [@CR7]). Thus in current research, fuzzy AHP and fuzzy TODIM methods are proposed for landfill location selection, where the ratings of different alternative locations under different subjective criteria and the weights of all criteria are represented by Triangular Fuzzy Numbers (TFNs).

Multi-criteria decision-making (MCDM) techniques for landfill location selection composed of multi-criteria methods, mathematical programming and stochastic programming (Soltani et al. [@CR50]). There are many different MCDM methods used mostly for evaluation and outranking of alternative locations for landfill waste.

As presented in Table [2](#Tab2){ref-type="table"}, the combination between methods is frequently adopted to deal with the problem of landfill location selection). Fuzzy set theory (Zadeh [@CR64]) has been widely used for modeling decision making processes based on vague and imprecise information such as preferences of decision-makers. The use of optimal methods can bring efficiency and performance to the selection process Ertuğrul and Karakaşoğlu ([@CR21]). To determine which methods to use it is necessary to take into account the alignment of the specificities of the problem with the characteristics of the methods (Lima Junior et al. [@CR36]). For example, when selecting a new landfill waste location with many potential locations, methods that do not limit analysis to only a few alternative locations are more suitable than others.Table 2Decision making approaches applied to landfill location selectionApproachMethod(s)Proposed bySingle methodAHPUyan ([@CR58])Tavares et al. ([@CR54])El Baba et al. ([@CR20])TOPSISYal and Akgün ([@CR63])ANPAfzali et al. ([@CR2])Combined methodFuzzy AHPDonevska et al. ([@CR18])Fuzzy AHP and fuzzy TOPSISBeskese et al. ([@CR7])AHP- WLCShahabi et al. ([@CR49])AHP-TOPSISDemesouka et al. ([@CR17])Fuzzy VIKORLiu et al. ([@CR37], [@CR38])AHP-OWAGorsevski et al. ([@CR28])Fuzzy ANPIsalou et al. ([@CR29])AHP/fuzzy-TOPSISÖnüt and Soner ([@CR40])Pires et al. ([@CR42])

Other items to take into account to align methods to particularities of landfill location selection are as follows:Uncertainty in landfill location selection: the uncertainty in decision making process can refer to the absence of precision of the scores of the relative importance of various criteria as well as the alternative locations. This imprecision may be due to the evaluation by multiple decision-makers in the existence of data on the performance of potential alternatives.Flexibility in the decision process: this element concerns mainly the required amount of preferences of the decision-makers in data collection. According to the MCDM method and the number of alternatives and criteria, the quantity of preferences required to collect all the data can make the landfill location selection process very long.Adequacy to support decision making group: location selection for landfill decisions are affected by various terms from several functional domains within regional authorities. This assumes that multiple actors from several functional domains participate in the decision making process (Lima Junior et al. [@CR36]). Consequently, it is desirable that the methods used in location selection be optimal to combine several preferences of many decision-makers.Computational difficulty: this factor can be linked to either time or space difficulty. The main concern in the landfill waste location selection decision process is connected to time difficulty, which refers to the time in which the algorithm is realized (Chang [@CR13]). Time difficulty varies from method to method as a function of the number of input variables, which in the case of landfill location selection refers to the number of alternative locations and criteria.

Generally, different studies in the literature use the fuzzy AHP method (Donevska et al. [@CR18]) and other fuzzy multi-criteria decision-making (FMCDM) methods (Beskese et al. [@CR7]; Önüt and Soner [@CR40]; Liu et al. [@CR38]) for landfill location selection. But differently from other studies, fuzzy AHP and fuzzy TODIM methods are proposed for landfill location selection and results are compared in this present contribution.

Landfill location selection process {#Sec3}
===================================

Landfill location selection is a decision-making process composed of different steps. According to different studies applied by Önüt and Soner ([@CR40]), Stevenson ([@CR52]), Beskese et al. ([@CR7]), Bahrani et al. ([@CR5]) and Torabi-Kaveh et al. ([@CR55]), which propose many approaches for landfill location selection that consist of five main steps, namely (a) problem definition; (b) identification of criteria that will be used to evaluate and rank location alternatives; (c) calculate criteria weights; (d) develop alternative locations; (e) evaluate the alternative locations and make a decision (Stevenson [@CR52]), as presented in Fig. [1](#Fig1){ref-type="fig"}. The objective of the first step is to clarify the problem at hand, which may mean selecting the optimal location for landfill MSW. In this case, selecting new location depending on the number of criteria and alternative locations may be very large. Therefore, this situation requires decision-making techniques that are able to simultaneously evaluate multiple alternatives.Fig. 1The landfill location selection framework

Decision-makers should convert their requirements into decision criteria so as to guide the choices, as the second step of the process. There are several environmental, economic and social--cultural criteria that impact on the location decisions process for landfill which are both quantitative and qualitative. Table [3](#Tab3){ref-type="table"} indicates some important criteria for landfill location selection. On top of quantitative measures of performance, such as distance from residential areas, Land use or Land cost, and other qualitative measures of evaluation, such as distance from the collect center and access to heavy trucks, are gaining importance (Alves et al. [@CR3]). Therefore, the methods used in the decision process must be able to consider many criteria of both qualitative and quantitative nature (Alves et al. [@CR3]).Table 3Landfill location performance criteria according to selected authorsGround water qualityAvailable transportationSoil typeDistance from water bodiesLand costInfrastructure costDistance from residential areasDistance from historical areasLand useLandscapeLiu et al. ([@CR37], [@CR38])XXXDemesouka et al. ([@CR17])XXXXXXAlves et al. ([@CR3])XXXXXXXXArkoc ([@CR4])XXXXWang et al. ([@CR61])XXXXXXFeo and Gisi ([@CR25])XXXXXXBeskese et al. ([@CR7])XXXXXXXSumathi et al. ([@CR53])XXXXXŞener et al. ([@CR48])XXXXEskandari et al. ([@CR22])XXXXXXX

In the next step, all weights of the criteria that are selected for landfill location selection are calculated via using a multi-criteria decision-making method. In the fourth step, the main aim is to reduce a set of alternative locations. The last step aims to rank the potential alternatives in order to make the final decision.

Preliminaries {#Sec4}
=============

Fuzzy set theory {#Sec5}
----------------

Fuzzy set theory is among the most preferred theories in decision making, which is an extension of ordinary set theory that was introduced by Zadeh ([@CR64]) for dealing with uncertainty and vagueness associated with information. In the literature, trapezoidal and triangular fuzzy numbers that are the forms of fuzzy numbers used in order to capture the vagueness of the parameters related to the topic. In this research work, triangular fuzzy numbers (TFNs) are used. A triangular fuzzy number ẽ (a, b, c) will be used to consider the fuzziness of the landfill waste location selection criteria. The membership function μ(x) of the triangular fuzzy number may therefore be described as Fig. [2](#Fig2){ref-type="fig"} (Beskese et al. [@CR7]; Önüt and Soner [@CR40]).Fig. 2Triangular fuzzy number (TFN)$$\documentclass[12pt]{minimal}
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The forward of fuzzy set theory used in this study are as follows:

### **Definition 1** {#FPar1}

Let ẽ~1~ (a~1~, b~1~, c~1~) and ẽ~2~ (a~2~, b~2~, c~2~) be two TFNs, then the vertex method is defined to calculate the distance between them as:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\text{d}}(\tilde{\text{e}}_{1} ,\tilde{\text{e}}_{2} ) = \sqrt {\frac{1}{3}({\text{a}}_{1} - {\text{a}}_{2} )^{2} + ({\text{b}}_{1} - {\text{b}}_{2} )^{2} + ({\text{c}}_{1} - {\text{c}}_{2} )^{2} }$$\end{document}$$

### **Definition 2** {#FPar2}

Let ẽ~1~ and ẽ~2~ be two TFNs. The main operations of triangular fuzzy numbers are as follows:$$\documentclass[12pt]{minimal}
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Fuzzy AHP {#Sec6}
---------

The AHP method developed by Saaty ([@CR46]) is widely used for tackling multi-criteria decision problems in real situations. Many works have concluded that AHP is useful and practical for location selection for landfill waste (El Baba et al. [@CR20]; Şener et al. [@CR48]; ZelenovićVasiljević et al. [@CR65]). However, in practice, crisp data are often inadequate to model many situations since human judgments are vague. To overcome classical AHP shortcomings, Van Laarhoven and Pedrycz ([@CR60]) proposed fuzzy AHP, which is the combination of analytic hierarchy process (AHP) and Fuzzy Theory. Fuzzy AHP makes it possible to use linguistic ratings in the calculations of criteria weights by giving them a certain range. It is observed that decision-makers are more positive to give interval judgments than fixed-value judgments (Büyüközkan and Ruan [@CR11]). Balli and Korukoglu ([@CR6]) recognize that fuzziness in AHP contributes by being able to represent vague and ambiguity information.

There are many procedures for calculating the weights in fuzzy AHP technique proposed in the literature. Brief information about many of these procedures and a concise comparison can be found in (Bozbura et al. [@CR9]). In this study, the extent method introduced by Chang's ([@CR12]) for handling fuzzy AHP, with the use of TFNs is used to calculate the fuzzy weights for the selected criteria (Chang [@CR13]). The outlines of Chang's extent analysis method on fuzzy AHP have been explained in the following steps (Efe [@CR19]; Boutkhoum et al. [@CR8]):**Step 1**: Fuzzy synthetic extent calculation

Let X = {x~1~, x~2~, ..., x~n~} be an object set, and G = {g~1~, g~2~, ..., g~m~} be a goal set. Using Chang's extent analysis approach (Chang [@CR12], [@CR13]), each object is taken on the extent analysis, for each goal, *g*~*i*~, is performed, respectively. Therefore, *m* extent analysis values for each object can be obtained, and are denoted as:
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With respect to the *i*th object, the value of fuzzy synthetic extent is defined as:$$\documentclass[12pt]{minimal}
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And then compute the inverse of the vector such that$$\documentclass[12pt]{minimal}
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The degree of possibility of M2 = (a~2~, b~2~, c~2~) ≥ M~1~ = (a~1~, b~1~, c~1~) is defined as:$$\documentclass[12pt]{minimal}
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And can be equivalently expressed as follows:$$\documentclass[12pt]{minimal}
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For the comparison of M~1~ and M~2~, we need both the values of V(M~1~ ≥ M~2~) and V(M~2~ ≥ M~1~).**Step 3:** Priority weight calculation

The degree of possibility for a convex fuzzy number to be greater than *k* convex fuzzy numbers M~i~ (i = 1, 2, 3, ..., k) can be defined by:$$\documentclass[12pt]{minimal}
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Fuzzy TODIM {#Sec7}
-----------

The TODIM method (an acronym in Portuguese of Interactive and Multi-criteria Decision Making-"Tomada de Decisão Iterativa Multicritério") is a discrete Multi-Criteria Decision Making (MCDM) method based on Prospect Theory (Kahneman and Tversky [@CR30]) which has awarded the Nobel Prize for Economics in 2002 (Roux [@CR45]). One of the strong characteristics is its capacity to treat risk in MCDM problems.

### Prospect theory {#Sec8}

The value function used in the Prospect Theory is defined in form of a power law depending to the following expression (Kahneman and Tversky [@CR30]; Krohling and de Souza [@CR33], [@CR34]): $$\documentclass[12pt]{minimal}
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                \begin{document}$${\text{V}} (\chi) = \left\{\begin{array}{*{20}l} {\chi^{\alpha},}&\quad \hbox{if}\,\;\chi \ge 0 \\ {- \theta (- \chi)^{\beta},} &\quad {\hbox{if}\,\; \chi < 0} \hfill \\ \end{array} \right.$$\end{document}$$where α and β are parameters linked to gains and losses, respectively. The parameter θ represents a characteristic of risk factor that is considered in model and must be superior to one. Figure [4](#Fig4){ref-type="fig"} presents a prospect value function with a concave and S-shaped for gains and losses. The values of α = β = 0.88, and θ = 2.25 are experimentally determined by Kahneman and Tversky ([@CR30]), which correspond to empirical data. Furthermore, they proposed that the value of θ is between 2.0 and 2.5 (Krohling and de Souza [@CR33], [@CR34]; Gomes et al. [@CR27]).Fig. 4Value function of prospect theory

### Fuzzy TODIM {#Sec9}

To avoid the effects of prejudice of decision-makers and bias in the ranking of alternatives, the fuzzy set theory has been integrated to the traditional TODIM. For expressing the linguistic variables for the attribute values, triangular fuzzy numbers (TFNs) are used. The use of these fuzzy numbers and according to the concept of the TODIM method, gain and loss of each one of the alternatives relative to others are evaluated. Then, by computing the dominance degree of each alternative over the others, the global value of each alternative is obtained and alternatives are ranked. In this paper, the fuzzy TODIM method which was proposed in (Krohling and de Souza [@CR33], [@CR34]; Tosun and Akyüz [@CR56]; Zhang and Fan [@CR66]) is considered. The process steps of this method can be described as follows (Zhang and Xu [@CR67]; Salomon and Rangel [@CR47]):**Step 1:** Evaluate the criteria and alternatives

For assessing the criteria and alternatives the linguistic variables are used. To reduce the subjectivity, many decision-makers (experts) should be chosen. After assessments of decision-makers, their scores are integrated. The fuzzy weights of each criterion and fuzzy assessment of each alternative with respect to each criterion can be calculated with the given equations. In the formulas, *k* is the number of decision-makers.$$\documentclass[12pt]{minimal}
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From several techniques of weight normalization, the technique of Abdel-Kader and Dugdale ([@CR1]) is used in this paper.

In this technique, the three parameters of triangular fuzzy numbers (a, b, c) for the fuzzy estimates are used. In addition, an index of optimism (α) is used in the classification process. High values in α represents an optimistic decision-maker, while smaller values represent a pessimistic decision-maker.

α parameter is used to present the characteristics of decision-makers, risk taking attitude and various environment conditions. For instance, in a high uncertainty environment a decision-maker with a risk avoiding attitude prefers a lower index of optimism. However, the calculations can be repeated for various values of the index to explore the sensitivity of the decision. In this paper index of optimism (α) is used as 0.5 as a neutral point of view to balance between optimism and pessimism (Tosun and Akyüz [@CR56]).Let α ∈ \[0, 1\] will be index of optimism. For a triangular fuzzy number $\documentclass[12pt]{minimal}
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Calculated weights with the classification method are normalized with the given equation:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$w_{j} = \frac{{v(\tilde{e}_{j})}}{{\sum\nolimits_{j = 1}^{n} {v(\tilde{e}_{j})}}}$$\end{document}$$**Step 3:** Calculate weights (wjr) for each criterion (Cj) based on the reference criterion (Cr)
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$w_{jr} = w_{j}/w_{r},\quad j \in N \quad {\text{where}} \quad w_{r} = \hbox{max} \left\{{w_{j} j \in N} \right\}$$\end{document}$$**Step 4:** Determine of Gains and Loses values

To calculate the gain and loss of each alternative according to others, first the values of alternatives should be compared by pair. Let $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{x}_{kj}$$\end{document}$ and be $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{x}_{ij}$$\end{document}$ the value of alternative *Ai* and *Ak* concerning criterion $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$C_{j} ,i,k \in M,j \in N$$\end{document}$.

Then, gain and loss of alternatives *A*~*i*~ relative to *A*~*k*~ according to criterion *C*~j~ can be given as:
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By using Eq. ([34](#Equ34){ref-type=""}), dominance degree matrix for criterion *C*~*j*~, $\documentclass[12pt]{minimal}
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Based on matrix Δ, the overall value of alternative can be calculated as follows:$$\documentclass[12pt]{minimal}
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Clearly, 0 ≤ (*A*~*i*~) ≤ 1, and the greater (*A*~*i*~) is, the better alternative *A*~*i*~ will be. Consequently, according to descending order of the overall values of all the alternatives, one can determine the ranking of all or chose the desirable alternative(s).

There are only a few applications of TODIM in the literature. For example, Tosun and Akyüz ([@CR56]) developed a fuzzy version of the TODIM method for supplier selection problem. Fan et al. ([@CR24]) proposed an extended TODIM method to solve the hybrid multiple attribute decision-making (MADM) problems. Ramooshjan et al. ([@CR43]) presented a decision-making model for selecting the most appropriate location for the branch of a bank by using a combination of fuzzy set theory and TODIM. De Souza and Krohling ([@CR15]) presented a fuzzy TODIM model under group decisions to a relevant problem in crisis management in order to help to select the best combat alternatives based on an accident with oil spill in the sea.

Application case {#Sec10}
================

The application study is performed to landfill location selection for Casablanca region, which is the most populated and industrial region in Morocco. With its autonomously governed 28 municipalities, Casablanca has a population of 4,270,750. Casablanca has a surface area of 1615 km^2^, which corresponds to 0.23 % of the total surface area of Morocco. The authorities of Casablanca region coordinate solid waste collection, transportation, treatment, and disposal activities. In this region, increasing urbanization and economic development lead to an increase in the quantity of generated solid waste. In fact, there are more than 500 active factories most of which are mostly related to Energy, Pharmaceuticals, Foods, Metal furniture, Plastics and Chemicals and there are relatively few Phosphate derivatives, Oil and Aerospace factories.

On average, the garbage produced in this city is approximately 5000 t daily, which the solid waste of households amounts is approximately 3500 t/day, while the industrial solid waste represents more than 93,000 t/year, and the manufacturing of medical waste around 1030 t/year (Minenv [@CR39]). However, because Casablanca is expected to grow, waste management strategy for the region should be re-evaluated. In the near future, there will be a need for a new landfill location to serve the region. The location of the landfill MSW planned to be constructed would be in or around Casablanca. Firstly, six candidate locations are determined based on GIS information. The landfill location selection commission visits these sites to collect socio-economic and other pertinent information of each site. After these visits, two sites were further eliminated from the list after considering the guidelines of the Moroccan Ministry of Environment. The remaining four feasible sites are as (A~1~, A~2~, A~3~, and A~4~) that are considered for landfill waste (Fig. [5](#Fig5){ref-type="fig"}; Vahidi et al. [@CR59]; Tuzkaya et al. [@CR57]). Additionally, a group of decision-makers is consisted. There are three decision-makers (D1, D2, and D3) in this group. Then evaluation criteria are selected with the help of decision-makers' experiences and literature surveys: land cost (C~1~), available transportation (C~2~), distance from residential areas (C~3~), distance from historical areas (C~4~), ground water quality (C~5~), soil type (C~6~), infrastructure cost (C~7~) and distance from wells (C~8~). The hierarchical structure for the selection of the best alternative location is seen as in Fig. [6](#Fig6){ref-type="fig"}.Fig. 5Four feasible location for landfill location selectionFig. 6Hierarchical structure for landfill location selection process

Application of Fuzzy TODIM {#Sec11}
--------------------------

In this section, fuzzy TODIM method is proposed for the landfill location selection problem in Casablanca region. Firstly, questionnaires are given to the decision-makers for the evaluation process by using the linguistic variables in Table [4](#Tab4){ref-type="table"}. The importance weights of the criteria and the ratings of four alternatives under these criteria determined by these three decision-makers are shown in Tables [5](#Tab5){ref-type="table"} and [6](#Tab6){ref-type="table"} respectively.Table 4Linguistic variables and fuzzy numbersLinguistic variablesFuzzy numbersVery Bad (VB)(0.00, 0.00, 0.25)Bad (B)(0.00, 0.25, 0.50)Medium (M)(0.25, 0.50, 0.75)Good (G)(0.50, 0.75, 1.00)Very Good (VG)(0.75, 1.00, 1.00)Table 5Importance weight of criteria from three decision-makersD1D2D3C1MGVGC2BVGMC3GBBC4MMMC5GGVGC6VBBBC7VGGGC8GMMTable 6Ratings of the four alternatives by decision-makers under eight criteriaCriteriaAlternativesDecision-makersD1D2D3C1A1VGGVGA2BGMA3MGVGA4VBMBC2A1MVBVGA2GMGA3VBBGA4VBVGMC3A1VGVGGA2MBGA3VGMGA4BVBMC4A1VBBMA2VGGGA3BBMA4MVBVBC5A1VGVGGA2GVGBA3MMGA4GBVBC6A1GVGVGA2GMBA3GVGMA4MBVBC7A1VGVBGA2GMGA3BVBVBA4VGGVGC8A1MVGGA2BMVBA3MBGA4VGVGM

Then linguistic variables shown in Tables [5](#Tab5){ref-type="table"} and [6](#Tab6){ref-type="table"} are transformed into triangular fuzzy numbers (TFNs) to form fuzzy decision matrix as shown in Table [7](#Tab7){ref-type="table"}.Table 7Aggregated fuzzy weights of the criteria and alternativesA1A2A3A4Fuzzy weight criteria w~j~C1(0.66;0.92;1)(0.25;0.5;0.75)(0.5;0.75;0.92)(0.08;0.25;0.5)(0.5;0.75;0.91)C2(0.33;0.5;0.66)(0.41;0.66;0.92)(0.33;0.58;0.83)(0.33;0.5;0.66)(0.33;0.58;0.75)C3(0.66;0.92;1)(0.25;0.5;0.75)(0.5;0.75;0.92)(0.08;0.25;0.5)(0.16;0.75;0.66)C4(0.08;0.25;0.5)(0.58;0.83;1)(0.08;0.33;0.58)(0.08;0.16;0.41)(0.25;0.5;0.75)C5(0.66;0.92;1)(0.41;0.66;0.83)(0.33;0.58;0.83)(0.16;0.33;0.58)(0.58;0.83;1)C6(0.66;0.92;1)(0.25;0.5;0.75)(0.5;0.75;0.92)(0.08;0.25;0.5)(0;0.16;0.14)C7(0.41;0.58;0.75)(0.41;0.66;0.92)(0;0.083;0.33)(0.66;0.92;1)(0.58;1.16;1)C8(0.5;0.75;0.92)(0.08;0.25;0.5)(0.25;0.5;0.75)(0.58;0.83;0.91)(0.33;0.58;0.83)

Weights of criteria (w~j~) given in Table [6](#Tab6){ref-type="table"} are defuzzicated by using Eqs. ([21](#Equ21){ref-type=""})--([26](#Equ26){ref-type=""}) and normalized. Table [8](#Tab8){ref-type="table"} presents relative weights of criteria (w~jr~) that are determined by Eq. ([27](#Equ27){ref-type=""}), in which C~7~ is chosen as the reference criterion (Tosun and Akyüz [@CR56]).Table 8Relative weights of the criteriaCriteria*W* ~*j*~*W* ~*jr*~C10.1440.475C20.0890.294C30.1230.406C40.070.231C50.1750.577C60.0060.020C70.3031C80.0910.300

The next step is dedicated to calculate the gain and loss matrices for each criterion by using the fuzzy values in Table [7](#Tab7){ref-type="table"} and with Eqs. ([28](#Equ28){ref-type=""})--([31](#Equ31){ref-type=""}).$$\documentclass[12pt]{minimal}
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Dominance degree matrices for each attributes are calculated as follow by using the Eqs. ([32](#Equ32){ref-type=""})--([34](#Equ34){ref-type=""}):$$\documentclass[12pt]{minimal}
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In this paper, the value of θ is given 1, which means that losses will contribute with their real values to the overall value. Using Eq. ([35](#Equ35){ref-type=""}), global dominance matrix can be found:$$\documentclass[12pt]{minimal}
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Finally, by using the Eq. ([36](#Equ36){ref-type=""}) the global value of each alternative can be obtained as (*A*~1~) = 1, (*A*~2~) = 0.4556, (*A*~3~) = 0.2129, and (*A*~4~) = 0. With respect to these values of four alternatives, the ranking is determined as A~1~ \> A~2~ \> A~3~ \> A~4~.

Application with fuzzy AHP method {#Sec12}
---------------------------------

In this section, fuzzy AHP method is proposed for the same problem of the landfill location selection in Casablanca region. We proposed a group of decision-makers based on fuzzy AHP. The linguistic terms and TFN values used to comparatively evaluate the weight of the criteria and the ratings of the alternatives are presented in Table [9](#Tab9){ref-type="table"}.Table 9Triangular Fuzzy Numbers of linguistic comparisonLinguistics termsTriangular fuzzy numbers (TFN)Extremely more importance(EMI)(8, 9, 10)Very strong importance (VSI)(6, 7, 8)Strong importance (SI)(4, 5, 6)Moderate importance (MI)(2, 3, 4)Equal importance (EI)(1, 1, 2)

Table [10](#Tab10){ref-type="table"} shows the comparison judgments of the weights of the criteria made by the three decision-makers involved already are transformed into TFN. The results of aggregation of these fuzzy values are shown in Table [11](#Tab11){ref-type="table"} and were obtained by the geometric mean of the judgments by using the Eq. ([37](#Equ37){ref-type=""}) (Chang et al. [@CR14]; Büyüközkan and Feyzıog̃lu [@CR10]):$$\documentclass[12pt]{minimal}
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Similarly, the fuzzy values of the aggregated comparative judgments of the alternative locations according to each criterion made by the three decision-makers are shown in Tables [12](#Tab12){ref-type="table"}, [13](#Tab13){ref-type="table"}, [14](#Tab14){ref-type="table"}, [15](#Tab15){ref-type="table"}, [16](#Tab16){ref-type="table"}, [17](#Tab17){ref-type="table"}, [18](#Tab18){ref-type="table"} and [19](#Tab19){ref-type="table"}.Table 12Fuzzy numbers of the alternative locations ratings related to criterion C1A1A2A3A4A1(1,1,1)(0.25,2.26,8)(1,1,2)(0.25,1.91,8)A2(0.12,0.44,4)(1,1,1)(0.16,1.75,10)(0.16,0.58,4)A3(1,1,2)(0.10,0.57,6)(1,1,1)(0.16,1.91,8)A4(0.12,0.52,4)(0.25,1.70,6)(0.12,0.52,6)(1,1,1)Table 13Fuzzy numbers of the alternative locations ratings related to criterion C2A1A2A3A4A1(1,1,1)(0.25,2.26,8)(0.25,1.70,6)(2,5.13,10)A2(0.12,0.44,4)(1,1,1)(0.25,1.70,6)(0.25,2.53,8)A3(0.16,0.58,4)(0.16,0.58,4)(1,1,1)(0.16,0.58,2)A4(0.10,0.19,0.50)(0.12,0.39,4)(1,1.71,6)(1,1,1)Table 14Fuzzy numbers of the alternative locations ratings related to criterion C3A1A2A3A4A1(1,1,1)(4,5.59,8)(0.25,1,4)(2,5.27,8)A2(0.12,0.17,0.25)(1,1,1)(1,3.27,8)(1,1.91,8)A3(0.25,1,4)(0.12,0.30,2)(1,1,1)(0.25,1.18,6)A4(0.12,0.18,0.50)(0.12,0.52,2)(0.16,0.84,4)(1,1,1)Table 15Fuzzy numbers of the alternative locations ratings related to criterion C4A1A2A3A4A1(1,1,1)(4,5.59,8)(1,1.44,4)(4,5.59,8)A2(0.12,0.17,0.25)(1,1,1)(4,5,6)(0.25,2.46,10)A3(0.25,0.69,2)(0.16,0.2,0.25)(1,1,1)(1,2.08,4)A4(0.12,0.17,0.25)(0.1,0.4,0.2)(0.25,0.48,2)(1,1,1)Table 16Fuzzy numbers of the alternative locations ratings related to criterion C5A1A2A3A4A1(1,1,1)(1,3.65,8)(0.25,1.18,6)(0.25,1.19,8)A2(0.12,0.27,2)(1,1,1)(1,1.71,6)(0.16,0.69,6)A3(0.16,0.84,4)(0.16,0.58,2)(1,1,1)(0.12,0.89,6)A4(0.12,0.52,4)(0.16,1.44,6)(0.16,1.11,8)(1,1,1)Table 17Fuzzy numbers of the alternative locations ratings related to criterion C6A1A2A3A4A1(1,1,1)(0.25,1,4)(0.12,0.75,10)(0.16,2.14,8)A2(0.25,1,4)(1,1,1)(1,2.75,8)(1,1.71,6)A3(0.10,1.32,8)(0.12,0.36,2)(1,1,1)(0.12,0.17,0.25)A4(0.12,0.46,6)(0.16,0.58,2)(4,5.59,8)(1,1,1)Table 18Fuzzy numbers of the alternative locations ratings related to criterion C7A1A2A3A4A1(1,1,1)(1,3.27,8)(2,5.73,10)(1,2.46,6)A2(0.12,0.30,2)(1,1,1)(0.25,1.70,6)(0.12,0.58,8)A3(0.10,0.17,0.50)(0.16,0.58,4)(1,1,1)(0.25,0.82,6)A4(0.16,0.40,2)(0.12,1.70,8)(0.16,1.21,4)(1,1,1)Table 19Fuzzy numbers of the alternative locations ratings related to criterion C8A1A2A3A4A1(1,1,1)(2,4.71,8)(1,2.08,4)(0.12,0.52,2)A2(1,1.91,8)(1,1,1)(0.12,0.36,2)(1,2.46,6)A3(0.25,0.48,2)(0.16,0.28,0.5)(1,1,1)(1,2.76,8)A4(0.12,0.21,5)(0.16,0.4,2)(2,3.55,6)(1,1,1)

The values of fuzzy synthetic extent of eight criteria with respect to the goal are calculated below by using Eqs. ([8](#Equ8){ref-type=""}) and ([9](#Equ9){ref-type=""}).$$\documentclass[12pt]{minimal}
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The *V* values for the C~1~ calculated using Eq. ([13](#Equ13){ref-type=""}).$$\documentclass[12pt]{minimal}
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For the rest of the values calculations are presented in Appendix (A).

The minimum degree of possibility of superiority of each criterion over another is obtained by using Eq. ([14](#Equ14){ref-type=""}).$$\documentclass[12pt]{minimal}
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Similarly; m(C~2~) = 0.978, m(C~3~) = 0.912, m(C~4~) = 0.896,$$\documentclass[12pt]{minimal}
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Therefore, the weight vector is given as: W′ = (1; 0.978; 0.912; 0.896; 0.960; 0.892; 0.945; 0.927).

The normalized weight vectors are calculated as: W = (0.133, 0.13, 0.122, 0.128, 0.128, 0.119, 0.126, 0.123).

Calculation of the weight vectors for the alternative evaluation matrices followed the same calculation. The normalized weight vectors of alternative locations from Tables [15](#Tab15){ref-type="table"}--[19](#Tab19){ref-type="table"} and weight of criteria are summarized in Table [20](#Tab20){ref-type="table"}. For location alternative A1, the global performance was computed as:$$\documentclass[12pt]{minimal}
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The global performance for the other alternative locations was calculated similarly. Table [21](#Tab21){ref-type="table"} presents the global performance for all the alternatives and their ranking position. Consequently, following this process, similarly to the application of Fuzzy TODIM, location A~1~ is the best evaluated alternative, followed by A~2~, A~3~, and A~4~.Table 21Global performance of alternative locations and rankingGlobal performanceRankA10.30041A20.26552A30.22053A40.22244

Comparative analyses {#Sec13}
--------------------

Fuzzy AHP and fuzzy TODIM methods are both appropriate for the selection of a landfill location. However, these two methods have some shortcomings and advantages. According to the nature of this problem, the most appropriate method should be chosen.

We can summarize the differences and similarities between fuzzy AHP and fuzzy TODIM methods as follows:When both these methods of multi-criteria decision-making are compared in relation to the amount of calculations, fuzzy AHP requires more complex calculation than fuzzy TODIM.Pairwise comparison matrices for criteria and alternatives are performed in fuzzy AHP, while there is no pairwise comparison in fuzzy TODIM (Tosun and Akyüz [@CR56]; Salomon and Rangel [@CR47]).The Fuzzy TODIM technique does not require any limit to the number of criteria or alternatives used in the decision making process. On the contrary, the comparative analysis of the Fuzzy AHP technique requires some limitation on the number of criteria and alternatives. Saaty ([@CR46]) indicates that the number of decision alternatives or criteria to be compared by using AHP should be limited to 9 so as not to compromise human judgment and its consistency. This proposition also applies to the Fuzzy AHP technique.

In the application case, with eight criteria and four alternatives, the use of the Fuzzy AHP technique was perfectly good. Consequently, the selection of the technique depends on the specificities of the circumstances at hand. For example, when selecting a new location for landfill waste, with many potential alternatives and criteria, the Fuzzy TODIM is a best choice.4.In the analysis of fuzzy AHP technique (Chang [@CR12], [@CR13]), the weights of alternative or criterion may be null. In that case, we do not take this criterion or this alternative into account. This is the one of the drawbacks of this technique.5.The classification results of the fuzzy AHP and fuzzy TODIM are identical. This shows that when the decision-makers are consistent with himself in specifying the data, both techniques independently, the classification results will be identical.6.We can adopt linguistic variables for the two methods: fuzzy AHP and fuzzy TODIM.7.Fuzzy TODIM method ranks alternatives measuring their values of gain and loss, providing then a meaningful overall value for each alternative. In fuzzy AHP method, decision-makers elaborate pairwise comparisons and the weights of alternatives are computed by using the Chang' extent analysis procedure.8.Both techniques use fuzzy set theory to deal with incertitude and imprecision of the data used in the landfill location selection decision process. In both techniques, the fuzzy number is the main resource for quantifying vagueness. Because of the imprecision of judgments of qualitative variables, the values of the triangular fuzzy number can be selected so as to better represent the linguistic terms used by each expert to assess the alternatives in regard to different decision criteria.9.Two techniques allow aggregation of judgments by many experts. In the application case of the Fuzzy TODIM technique, aggregation of different judgments is elaborate according to Eqs. ([19](#Equ19){ref-type=""}) and ([20](#Equ20){ref-type=""}) for the weights of the criteria and the ranking of the alternative locations. In the application of the fuzzy AHP, although this is not explicitly considered in the method proposed by Chang ([@CR12], [@CR13]), which propose that aggregation be made using the geometric mean of the judgments. The necessary amount of data needed by fuzzy AHP technique is higher than that needed by fuzzy TODIM. Increasing the number of experts will therefore cause a greater increase in the time complexity of the fuzzy AHP when compared with the fuzzy TODIM technique. The two techniques support decision-making group, because of the impact on time complexity, therefore, fuzzy TODIM technique is preferable.

Conclusion {#Sec14}
==========

By using fuzzy AHP and fuzzy TODIM, uncertainty and imprecision from subjective and the experiences of experts may be effectively represented and reached to a more efficiently decision. The current study presents a methodological overview of the use of multi-criteria decision making using fuzzy AHP and fuzzy TODIM methods for the landfill location selection. By using different techniques and functions, this study enables decision-makers to resolve the problem of landfill location selection in a more objective way. The importance criteria were land cost, available transportation, distance from residential areas, distance from historical areas, ground water quality, soil type, infrastructure cost and distance from wells. These criteria were assessed to specify the ranking of alternative locations for selecting the most suitable one. Although both techniques have the same goal of selecting the best landfill location for the region, they show differences. In fuzzy TODIM technique, experts use the linguistic terms to evaluate the importance of the criteria and to assess each alternative according to each criterion. These linguistic terms are translated into triangular fuzzy numbers and fuzzy decision matrix was made. Then the values of loss and gain for each alternative were calculated. After the dominance degree of gain (Φ+) and the dominance degree of loss (Φ−) were defined, overall dominance degree matrix was computed. Then, the overall value (δ) of each alternative was computed separately. With respect to the overall value of four alternatives, the ranking order of four alternatives has been specified as A~1~ \> A~2~ \> A~3~ \> A~4~. In fuzzy AHP, experts elaborate pairwise comparisons for the criteria and alternatives according to each criterion. Then these integrated comparisons and experts' pairwise comparison values were translated into triangular fuzzy numbers. The weights of criteria and alternatives are calculated by Chang's ([@CR12], [@CR13]) extent procedure. With respect to the combination of the priority weights of criteria and alternatives, the optimal alternative is specified. According to the fuzzy AHP, the optimal alternative location is A~1~ and the ranking of the alternatives is A~1~ \> A~2~ \> A~3~ \> A~4~, the same as fuzzy TODIM. The governmental authorities in Casablanca region should choose the suitable technique for their problem according to the situation and the structure of the problem they have.

Finally, some real contributions of this study can be highlighted.It is the first study to analyze the reliability of MCDM techniques to the problem of landfill location selection considering the alignment of the characteristics of the problem with the features of the techniques. A study such as this may help the researchers, the stakeholders and the decision-makers to select more models that are effective to landfill location selection.It is the first comparative study to review and bring numeric examples of fuzzy TODIM with other multi-criteria methods such as fuzzy AHP. Forthcoming research could test other fuzzy methods such as fuzzy TOPSIS and VIKOR.This study includes other comparative criteria such as modeling of uncertainty and adequacy to supporting decision-making groups. It can also be applied to other multi-criteria decision problems such as software selection, supply chain selection and supplier selection.

Appendix {#Sec15}
========

Appendix (A) The rest of the degrees of possibility for the criteria from the C~2~ to C~8~, computed as in Eqs. ([8](#Equ8){ref-type=""}), ([9](#Equ9){ref-type=""}) are:V(Sc2 \> Sc1) = 0.978V(Sc3 \> Sc1) = 0.912V(Sc4 \> Sc1) = 0.896V(Sc5 \> Sc1) = 0.960V(Sc2 \> Sc3) = 1V(Sc3 \> Sc2) = 0.934V(Sc4 \> Sc2) = 0.919V(Sc5 \> Sc2) = 0.980V(Sc2 \> Sc4) = 1V(Sc3 \> Sc4) = 1V(Sc4 \> Sc3) = 0.988V(Sc5 \> Sc3) = 1V(Sc2 \> Sc5) = 1V(Sc3 \> Sc5) = 0.955V(Sc4 \> Sc5) = 0.940V(Sc5 \> Sc4) = 1V(Sc2 \> Sc6) = 1V(Sc3 \> Sc6) = 0.990V(Sc4 \> Sc6) = 0.978V(Sc5 \> Sc6) = 1V(Sc2 \> Sc7) = 1V(Sc3 \> Sc7) = 0.968V(Sc4 \> Sc7) = 0.954V(Sc5 \> Sc7) = 1V(Sc2 \> Sc8) = 1V(Sc3 \> Sc8) = 0.999V(Sc4 \> Sc8) = 0.987V(Sc5 \> Sc8) = 1V(Sc6 \> Sc1) = 0.892V(Sc7 \> Sc1) = 0.945V(Sc8 \> Sc1) = 0.927V(Sc6 \> Sc2) = 0.921V(Sc7 \> Sc2) = 0.966V(Sc8 \> Sc2) = 0.945V(Sc6 \> Sc3) = 1V(Sc7 \> Sc3) = 1V(Sc8 \> Sc3) = 1V(Sc6 \> Sc4) = 1V(Sc7 \> Sc4) = 1V(Sc8 \> Sc4) = 1V(Sc6 \> Sc5) = 0.950V(Sc7 \> Sc5) = 0.987V(Sc8 \> Sc5) = 0.963V(Sc6 \> Sc7) = 0.968V(Sc7 \> Sc6) = 1V(Sc8 \> Sc6) = 0.992V(Sc6 \> Sc8) = 1V(Sc7 \> Sc8) = 1V(Sc8 \> Sc7) = 0.974

Therefore, the weight vector W′ is:$$\documentclass[12pt]{minimal}
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